AD-A153 142  SAMPLE PROBLEMS FOR STHGSC 1(U) RNRHET LHBS INC SﬁN 1/2
CARLOS CA APPLIED MECHANICS DIY P J HOVTOHITZ
28 FEB 85 RNRHET 884. 1R AFNAL-TR-84-38

UNCLASSIFIED F33615-81-C-3201




lLL
I s
IL2s flis wis

FEEFEEE

EEERE
FE

—

.—

£r

3

Fe

===

N
o

PN

>

)
=
[0 ]

N
(3

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

¥
- -
ot

1.2

!




7
iyl

ikl

- 4A)

AD-A153 142

OTIC FILE COPY

AFWAL-TR-84-3088

SAMPLE PROBLEMS FOR STAGSC-1

PETER J. WOYTOWITZ

ANAMET LABORATORIES, INC.
APPLIED MECHANICS DIVISION
100 INDUSTRIAL WAY

SAN CARLOS, CA 94070

February 1985

Interim Report for Period June 1984 to August 1984

Approved for public release; distribution unlimited.

FLIGHT DYNAMICS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES

AIR FORCE SYSTEMS COMMAND B

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433 180

O e e e P .
WL SN N PR Y PN Py Uy Y. S Lo o 3

C e

........




NOTICE

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procure-
ment operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the government may have form-
ulated, furnished, or in any way supplied the said drawings, specifications, )
or other data, is not to be regarded by implication or otherwise as in any .
manner licensing the holder or any other person or corporation, or conveying
any rights or permission to manufacture use, or sell any patented invention
that may in any way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA) and
is releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general pubiic, including foreign nations.

This technical report has been reviewed and is approved for publication.

/ /

. ./ /
< ! / '(/a .
ST T \ /Y. /U,¢,¢o Chorel
FREDERICK A. PICCHIONT, Lt Col, USAF
Chief, Analysis & Optimization Branch

ES R. JOHNSO
oject Enginee
Design & Analysis Methods Group

FOR THE COMMANDER

tures & Dynamics Div,

“"If your address has changed, if you wish to be removed from our mailing
list, or if the addressee is no longer employed by your organization please
notify AFWAL/FIBRA, W-PAFB, OH 45433 to help us maintain a current mailing
fist",

Copies of this report should not be returned unless return is required by
security considerations, contractual obligations, or notice on a specific
document,




SECUR!TY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

te REPORT SECURITY CLASSIFICATION

1b. RESTRICTIVE MARKINGS

Unclassified N/A
20 SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABLILITY OF REPORT
N/A Approved for public release;

2b. DECLASSIFICATION DOWNGRADING SCHEDULE

N/A

distribution unlimited.

—

4 PERFORMING ORGANIZATION REPORT NUMBERIS)
N A

A

5. MONITORING ORGANIZATION REPORT NUMBER(S)

AFWAL-TR-84-3088

884.1A
6a. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL 7. NAME OF MONITORING ORGANIZATION
(1f appircable) Air Force Wright-Aeronautical Laboratories
Anamet Laboratories, Inc. Air Force Systems Command (AFWAL/FIBRA)

6c. ADDRESS City. State and 7Z1P Code)

100 Industrial Way
San Carlos, CA 94070

7b. ADORESS (City, State and ZIP Code)

Wright-Patterson AFB, OH 45433

ORGANIZATION (1f applicabdle)

F1ight Dynamics Laboratory AFWAL/FIBR

8s. NAME OF FUNDING/SPONSORING Ieo. OFFICE SYMBOL

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

F33615-81-C-3201

8c ADDRESS :City. State and ZIP Code) .
Air Force Wright Aeronautical Laboratories

Air Force Systems Command
Wright-Patterson AFB, OH 45433

10. SOURCE OF FUNDING NOS

11 TITLE rInciude Security Classification,

SAMPLE PROBLEMS FOR STAGSC-1

PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. NO.
62201F 2401 02 45

12. PERSONAL AUTHORI(S)

Woytowitz, Peter J.

13s. TYPE OF REPORT
Interim

130. TIME COVERED

rrom £/1/84 v0 8/31/84

15. PAGE COUNT

113

14 DATE OF REPORT (Yr, Mo.. Day)

2/28/85

16 SUPPLEMENTARY NOTATION

COSATI CODES

18. SUBJECT TERMS rContinue on reverse if necessary and identify by block number)

+2IELD 4 GROWP 08 G Structural Analysis, Shell Structures, Buckling,

11

Nonlinear, Finite Elements, Computational Methods

1} ABSTRACT /Continue on reversc (f necessary and identify by dlock number)

.Sample problems and clarification for the STAGSC-1 computer program are presented.
The report is directed toward the beginning user of STAGSC-1, and possibly the
beginner in structural and/or finite element analysis.

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT

UNCLASSIFIED/UNLIMITED  same as art XY ovic usens O

21. ABSTRACT SECURIT CLASSIFICATION

Unclassified

228. NAME OF RESPONSIBLE INDIVIDUAL

JAMES R. JOHNSON
DD FORM 1473, 83 APR

EDITION OF 1 JAN 7318 OBSOLETE.

22b. TELEPHONE NUMBER
(Include Aree Code)

(513) 225-6992

22¢. OFF ICE SYMBOL
AFWAL/FIBRA
UNCIASSIFIED

Ix
.
|.

Dy
»
-
LI
-
-
[
.

SECURITY CLASSIFICATION OF THIS PAGE .-




PR S.0e ‘Jiant-R i a"Y'T

PREFACE

This report was prepared as a supplement to the STAGSC-1
User's Manual. It presents clarifications and sample problems and
1s directed toward the beginning user of STAGSC-1, and possibly
. the beginner in structural and/or finite element analysis.
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g Analysis Methods for Flight Vehicles." The contract was adminis-
; tered by Mr. J. R. Johnson, AFWAL/FIBRA, Wright-Patterson AFB,

' Ohio. Dr. N. S. Khot provided technical assistance for this
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1.0 OVERVIEW AND SUMMARY OF USER'S MANUAL
1.1 INTRODUCTION AND GENERAL COMMENTS

/ This report was prepared as an introduction to using the
STAGSC-1 computer program, Itﬂ;§~pot an attempt to rewrite the
current STAGSC-1 User's Manualf[l]; however, as with any manual,
there are certain aspects which sometimes are not easy to under-
stand. This report is especially addressed to the user that
might not be as experienced as the STAGSC-1 manual presumes,

Cleorification of selected input data cards which this

reviewer found somewhat confusing are covered in Section 1.2.
Section 1.3 of this report discusses selected output messages,
nomenclature, and options which will aid in understanding the
STAGSC-1 output. Section 2.0, which comprises the bulk of this
report, 1is an assembly of varilous sample runs. The input data
for the sample problems are included in the main text of this

| —

report. R Ao T T T f vt (j} ) '
’*,..f.’ o ) / PR e r } Lo )/gjﬁp ra o ) S 4 S ITITe
1.1.1 Use of This HReport L J : - 7
This report is aimed at the beginning user of STAGSC-1 and /
possibly the beginner at structural and/or finite element analy-
sis. The following procedure for understanding the use of STAGSC-1
is recommended. First, review thils report without reading in
detall., Especilally, review the sample problems and input data
format presented in Section 2. Next read Sections 1, 2 and the
first few pages of Section 3 from the STAGSC-1 User's Manual [1].
Next, examine the first example (Section 2.1.1) of this
report and look up any card in Section 3 of the User's Manual

wnlch 1s not understood. If the explanation in the User's Manual

seems confusing, check Section 1.3 of this report to see 1if addi-
tional clarification of the card has been covered. Finally, run
the sample problem and examine the output. Refer to Sections
1.3.1, 1.3.2, 2.1.6, and Appendix E if questions concerning the

output arise. If the reader is interested in the complete ouput
of the ten sample problems, he should contact ArWAL/FIBRA.
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After running through a sample problem, one can proceed 1in ;
whatever fashlon suits one best. The purpose of the additional ’
samples in Section 2 1s to 1llustrate various capabilities of —
STAGSC-1. o
It should be mentioned that although the STAGSC-1 User's r

Manual does not contaln an index as such, the mini-manual
(Section 9) seems to serve the same purpose. It is very useful
for locating the proper cards without rummaging through the
voluminous data card decscriptions (Section 3).

-

1.1.2 Overview of the STAGSC-1 Program

The STAGSC-1 program originated as a finite-difference based
structural analysis program. Eventually, it was converted to the
present configuration which is entirely finite element based.
However, some of the nomenclature which was used in the generation
of meshes and grids was retained. The terms "rows" and "columns"
are examples.

The STAGSC-1 computer program is comprised of four modules:
STAGS1; STAGS2; POSTP; and STAPL. The STAGS1 module is a pre-
processing module which performes model generation, and various
preliminary calculations. Execution of this module typically
precedes the execution of the other modules. The STAGS?2 module
performs the bulk of the numerical computations associated with

finite element analysis. STAGS2 module performs matrix decompo-
sition, linear and nonlinear stress analyses, eigenvalue analyses,

etc. The POSTP module 1iIs a postprocessing module for determining
secondary solutions from previously calculated displacement solu-
tions which have been saved on the restart file TAPE22., The
STAPL module 1s a module for plotting undeformed and deformed

[
F
E
>
.

geometries and solutlion contour plots. This manual is directed
toward the input and output data assocliated with the STAGS1 and
STAGS2 modules, For information on the use of POSTP and STAPL,
the reader is referred to Section 5 of [1].
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STAGS-1 employs unique "substructures" known as shell units
and element units. A shell unit is a collection of finite ele-
ments and nodes which may be defined using standard shell shapes
or with user-written subroutines. The user defines a shell unit
by specifying limited data concerning the shell and letting
STAGSC-1 generate the actual internal nodes and elements. The
element unit is more like a regular finite element mesh. Only
one element unlt may be specified, and it is defined by node

VAR
2t a
".':':

A

locatlions and element connectivities as in most standard finlte
element codes. The one element unit can be used to specify any
number of finite elements and nodes, their locations and con-
nectivities to other shell units being arbitrary. 1In the user's
manual the "A through R" cards are concerned mostly with defining
shell units, while the "S through V" cards are used for defining
element units. There are, however, certain cards in the "A
through R" sequence which must always be present, regardless of
whether shell or element units are being employed. Paging through
the user's manual will allow ldentification of these cards.
Another apparently unique aspect of STAGSC-1 (although it is
mnhstly terminology) is the use of "surface coordinates." These
are discussed in Section 2 and are referred to in Figure 3.9 of
(1]. Surface coordinates are simply alternative coordinates used
to describe a surface. By definition, all surfaces can be des-
i cribed by two independent coordinates. These are denoted "surface
coordinates" in STAGS. For example, in normal nomenclature, a
- cylinder can be described by three Cartesian coordinates, x, ¥y,
and z, with an equation relating them, *hat is:

. x2 + y2 + 2 = R2

Hence there are only two independent variables, since R is
ﬁg‘ constant. Alternately, the surface may be described by two inde-
e pendent variables, z and 6 through use of the following equations:




LA e b b aas ab ¢
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R cos 3
R sin o

same z as before

Here ¢ and 6 would be called the "surface coordinates." For

other examples sce Figure 3.9 [1].

- - 1.2 CLARIFICATION OF SELECTED INPUT DATA CARDS

i- This Section will present input data cards which were judged
:l to require some additional explanation to that presented in the

{ User's Manual. Not all cards are covered; only those more com-
monly used or specifically requested by AFWAL/FIBR are discussed.

: If the explanation in the User's Manual was found sufficient,
H! then the card will not be discussed.

Card Variable Comments

(B-1) IPOSTUL Only used for plots, data written to FORTRAN
unit 21 ,
TPOST1 [f IPOST1 = 0 saves last 3 displacement
vectors on unit 22

If IPOST1 = I saves last I displacement
vectors on unit 22 (As with any data saved
during the run, the user 1is required to
furnish the proper Jjob control language (JCL)
in order to save the specific files)

(B=2) NIMPFS Tape or unit 25 1s the same as unit 22 saved
from a previous buckling run. It 1s recom-
mended that imperfection amplitudes be on the
order of one percent of the panel thickness.
Note that only local w-displacements for each
shell unlit are used to define the imperfection
shape. The total imperfection is printed in .
the STAG31 output.

{12=2, TAP This parameter indicates the number of user
parametlers required by the user-written
routines 1if used. See (L-1) card.




(B=5)

(c-1)

P W P TR T o P UL T AR A, 1, TN R

WIMPFA

STLD(I)

There are NIMPFS terms on thls record which
define the buckling mode amplitudes used for
the 1nitial imperfection. Note that the
buckling modes are normalized to the maximum
value in the eigenvector and usually contain
a 1.0 value,

The base load is defined via "Q" cards. Two
different base load systems may be specified,
load system A and load system B. For linear
analysis, the total load on the structure is
given by:

P1yn= STLD(1)*¥ (Base load for system A) +
STLD(2)* (Base load for system B)

For buckling analysis, load system B is
assumed to remain constant. The total load

at buckling is:

Ppuc= A¥STLD(1)*(Base load for system A) +
STLD(2)*(Base load for system B)

Where A 1s the eigenvalue found from the
buckling analysis. For nonlinear analysis,
first a linear analysis 1is performed using

Pij, from above. Next a nonlinear analysis

1s performed using Py, from above; this 1s
called step 1. For s%ep 2, a nonlinear analy-
sis is performed using the total load given by:

Pron= (STLD(1)+STEP

(1))*¥(Base load for sys A) +
(STLD(2)+STEP(2) ) *(

Base load for sys B)

The remaining load steps would then normally
use, say, (STLD(I) + STEP(I) + ... STEP(I))
as the load multiplier unless the STEP(I) is
automatically halved or doubled by STAGSC-1
(see Section 6 [1] for a discussion of this).
Here I = 1 for load system A, and I = 2 for
load system B.

If the postbuckling response is being calcu-
lated, the starting load should be under the
linear bifurcation buckling load (e.g.,
STLD(1) = .5 ¥ Critical Buckling Load) and

the load step size such that 2 or 3 steps are
required to reach the buckling load (e.g.,
STEP(1) = .2 % Critical Buckling Load).
Additionally, it 1is recommec ~ded that STLD(TI)
and STEP(I) be chosen such that (STLD(I) +
STEP(I) +...) equal about 1.0 at the estimated

...............................

........................

..............
.................................
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critical buckling load. This 1is also the
recommended procedure when using the path
length as an independent parameter (see NSTRAT
of card (D-1)). Note that STEP(1l) and STEP(2)
have to be greater than or equal to zero.
Negative load steps are not allowed.

(D-1) ISTART For a new case or for using the POSTP post-
processor, ISTART must be set to zero. B

NCUT For new users, a value of four is recommended.
As the user gains some experlence and confi-
denece in nonlinear analysis this value may
be changed

NEWT Same comment as for NCUT. If it is equal to
-20, a true Newton-Raphson method is used
(update the stiffness matrix on every

£
tk’ iteration.)

A NSTRAT This parameter controls the solution strategy
. used in the analysis. If it 1s positive,

e then a modified Newton-Raphson method is
s used. If it is equal to -1, the Riks method

- will be used. Traditionally, the postbuckling
response of a structure has been obtained
analytically using the modified Newton-Raphson
solution procedure of the STAGSC-1 computer
code by 1ncrementing a load parameter and
solving for the corresponding solution vector.
Structural instabllity 1s indicated by a
failure of the modified Newton-Raphson solu-
tion procedure to converge, even with a very
small load step, or by a change in sign of
the determinant of the tangent stiffness
matrix., The problems associated with the use
of a load parameter as an independent para-
meter are related to solution prediction
beyond a limit point and to 1lll-conditioning
of the tangent stiffness matrix in the neigh-
borhood of a 1limit point. The Riks method
based on controlling an equilibrium-path-arc-
length parameter instead of the traditional
load parameter has been introduced into the
STAGSC-1 computer code. The Riks method
eliminates one singularity in the tangent
stiffness matrix at critical points that

o causes major computational diffliculties.

t~, Using the Riks method, solutions along the

l‘ unstable equilibrium path of the postbuckling
b .

response can be predicted provided only one
eigenvector is dominating the response (li.e.,

.;? there 1s no modal interaction or change 1n
:ﬁ- buckle pattern). As implemented in the

-
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(D~2)

(G=2)

(G=4)

(1~-2)

DELX

WUND

cc(I)
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STAGSC~1 computer code, the Riks method may
requlire frequent updating and refactorization
of the tangent stiffness matrix to follow the
unstable equilibrium path if the eigenvalues
of the tangent stiffness matrlix are closely
spaced. The 1mplementation of the Rlks
method 1s such that the load step size will
not increase after 1t has been cut in order
to trace an unstable equilibrium path. The
Riks method 1s very useful but requires the
analyst to carefully watch the progress of
the analysls.

This parameter often has to be changed on
restarts in order to allow a nonlinear solu-
tion to proceed. If this error tolerance is
too large, and the stiffness matrix is be-
coming nearly singular due to a buckling
phenomenon, then the small errors accumulated
tend to cause numerical problems with the
stiffness matrix unless DELX 1is lowered.

The use of this factor was not discussed in
the User's Manual. WUND is an overrelaxation
factor that the program changes internally.
It 1s recommended that the program be allowed
to select its own value (i.e., do not input a
value for WUND).

Note that if IPRINT 1is set to a value of 1 or
3, the buckling modes are not written to
TAPE22.

Partial compatibility contraints are defined
via a base freedom and a slave freedom that
is equated to the base freedom. These con-
straints are shown in the computational
degree-of -freedom table. Note that these
constraints apply only to the nodal freedoms
and not to the variation between nodes (i.e.,
not enforced at midside nodal d.o.f.).

The coefficients used for the constraints
should be of the order one because of how the

terms of the stiffness matrlix are scaled
during decomposition.

Be careful in defining material properties.
The nomenclature used in STAGSC-1 is not the
same as used 1in many books ~-n composites. A
check 1s that if E1 > E2 then V21 will be the
larger Poisson ratio, i.e., V21>V12,
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T e (J-1) The "bar" axis used in defining the section

. properties will be orlented (using the "O"
cards) with respect to the "prime" axis

- defined at each row-column intersection or

.o "node" (See Figure 3 [1]).

(' SCY For an example of calculating these factors

. see Section 2.3.1.

x (K-1) Note that a maximum value of NLAY is 50.

: (M=-24) All angles are in degrees. PRSP(S) for
ISHELL=5 (cylinder) is R not .

(N) These cards enable a user to define irregular
grids, specialized grids, or uniform grids.

= (Q-3) LT Irrelevant for initial conditions but cannot
Ij be zero.

(R-1) This card defines most of the output informa-
tion that 1is desired. However, additional
stress output control can be obtalined with

o cards (K-2) for walls and some of the stif-
. fener or ring cards (J-1).

; 1.3 OUTPUT AND CLARIFICATION OF SELECTED OUTPUT INFORMATION

This section discusses interpretation of selected output
information from the STAGSC-1 program. Information Jjudged

: evident or obvious has been omitted. The emphasis here is to

:j discuss toplcs that the user of other finite element codes may

fj not be familiar with and also to present a few self-checks for

o the inexperienced user.
,il A sample input Jjob control language (JCL) to run the VAX
'j: version of STAGSC-1 1s presented in Figure 1. The use of various
;i FORTRAN units 1s indicated. The preprocessing program which must
[ be run at least once for each new data deck 1s STAGSl. If de- )
i;. sired, the output from STAGS1 may be saved from FORTRAN unit 2
:j and used 1in subsequent restarts. This was not attempted for this

report since, generally, the preprocessing was inexpensive.
! As shown 1in Figure 1, after running STAGS1, STAGS2 is run.
STAGS2 is the actual finite element solution procedure. The
output from each program 1s now discussed.

g
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$
3] PROCEDURE Tu EXECUTE STAGSI AND STAGSZ
$

$ SET DEF (,STAGS)

3 SET VEKRIFY

$

$! COMMENTS = JOBONE.INP = INPUT DATA FILE

3 JUBONE ,RST = FILE TG SAVE DISFS FOR KESTART
3 OUTPUT wWlLL BE SENT TQ SYSTEM PRINTER

)

$ ASSIGN JUBUNE,INP FOQROOS
$ RUN (STAGSC1)STAGSIEXE
$ ASSIGN JUBUNE,RST FQRO20
$ RUN (STAGSC1)STAGS2,.EXE

Flgure 1  Job Control Language (JCL) for Executing
STAGSC-1 on the VAX
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1.3.1 Preprocessing (STAGS1) Output
This output 1is generally not dependent upon the type of

analysis to be performed (linear, buckling, nonlinear, etc.).
Most of the output from this phase of solution 1s self-
explanatory, but the following comments are included for the
beginner:

(1) When preparing the input data deck, put the appropriate
card identification ((B-1) etc.) as a comment to aid in
debugging and future reference.

(2) Look over the "INPUT DATA CARDS" echo for any obvious
mistakes.

(3) Don't worry about computer memory or timing information
unless problems occur or timing estimates seem very
large.

(4) Check the mesh SURFACE COORDINATES vs. the GLOBAL
CARTESIAN COORDINATES to see if they make sense.

(5) Check ring and stringer locations.

(6) Check constitutive matrices to see if they appear to be
the right order of magnitude.

(7) Check loads data.

(8) Note the COMPUTATIONAL DOF ASSIGNMENTS for future
reference (Section 1.3.2).

Generally, the best check of a model is to run a simple case
where cxpected results can be calculated by hand. In this case
the output from STAGS2 (solution phase) might be checked first.
The output from STAGS] might then help to determine possible data
errors. However, a mistake in the input will sometimes have
little elfect on the output for your test problem, but will then
cause problems when the real problem is run. Hence, it is recom-
mended that the output from STAGS1 be given at least a cursory

check before the model 1s considered correct.
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1.3.2 Solution (STAGS2) Output

As stated above, the best check of a model is a simple test
case for which known solutions can be independently calculated.
For complicated structures for which a hand calculation may be
difficult to obtain, there 1is at least one test case that can

N
v,
"
s
v
-

;

[

" .
.

always be run.

First, a set of boundary conditions is picked that adequate-
ly prevents rigid body motlion of the structure. Next, displace-
nents are prescribed for those boundary points (such as a unit
displacement). The output should show that all displacements of

the structure are equal to the prescribed boundary displacements.
This may be generally run for six separate load cases, each load
case prescribling a unit displacement or rotation for each of the
coordinate directions.

With reference to the output from STAGS2, the following
checks and comments apply:

(1) Check the displacement output to ensure that reasonable
values are being obtained and that the proper boundary
conditions have been enforced. The displacements for
the linear solution are used to determine initial
stresses for a buckling analysis. These displacements
are also used as iInitial starting vectors in a nonlinear
analysis.

(2) Equilibrium forces should be very small numbers except
for points where boundary conditions or applied loads

exist.

¥‘ . (3) Force resultants are either in units of force/length or
moment/length.

(4) Stresses in composite plates depend upon the ply that
l 1s being examined. Strains often produce more readily-
interpreted information.

11
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(5) The MODE DISPLACEMENTS only give the pattern of the
buckled structure but yield no information as to the
actual displacements that occur after buckling; a non-
linear analysis 1s required for this. The modeshape is
usually normalized to its maximum value. Check these :
displacement patterns to see if reasonable results have
been obtained.

(6) In nonlinear analysis, often convergence during the

jfﬁ first few steps will not occur 1If the first load step
Eff is too large. If thls is suspected, examine the step 0
i (1inear) displacements and the step 1 (nonlinear) dis-
g!~ placements. They should be approximately equal. If
E:f they are not, the first load increment being used may
E; be too large and cause 1inaccurate solutions later on.
- The 1naccurate solutions may cause nonconvergence later

in the analysis.

(7) Various elements have additional degrees of freedom
assoclated with them. These additional degrees of
freedom are discussed briefly in Section 6 of [1] and
in slightly more detail in Section 4.3 of [2]. The
example runs in this case used the 411 element which
prints out an additional rotation labeled RW2. This
i1s a measure of the individual elements out-of-plane
rotation (see Table 6.3.1 of [1]).

S Diagnostic messages from 3TAGSC-1 are generally adequate

- for debugging a model although often one has to hunt through

;" voluminous output to find them. Section 7 of [1] should be read |
:? since 1t explains most of the non-obvious messages. One comment

léf which applies to most finlite element codes, including STAGSC-1, \
> 4N |

will now be discussed.
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Often a great confuslion for inexperienced finite element
code users stems from messages concernlng singular or nearly
singular stiffness matrices. One output from STAGSC~1 1is the
determinant of the stiffness matrix, sometimes accompanied by
comments as to whether the matrix 1s 1ll-conditioned or not.

. The determinant of the stiffness matrix is computed as follows.
The stiffness matrix is decomposed (factored) into the form:

K =UD U
where

U 1s an upper triangular matrix with 1's on the dlagonal.
D is a dilagonal matrix.

Therefore, det(K)=det(D), which 1s Jjust the diagonal terms of D
multiplied together. Therefore det(K) depends on the size of K
and will be very different if a 100 x 100 matrix or a

10,000 x 10,000 matrix 1is being decomposed. Therefore, det(K)
does give a measure of the singularity of K but not really a very
good one, Often when a singularity occurs, STAGSC-1 also prints
out the smallest diagonal term after factorization. This 1s the
smallest element of the D matrix above. By noting the equation
number for the smallest dlagonal term and cross-referencing to
the COMPUTATIONAL DOF ASSIGNMENTS (Section 1.3), the row-column
location of a potential problem area may be found. STAGSC-1 has
an option to remove singularities in the stiffness matrix which
basically constralns that degree of freedom to zero. Thils option
is appropriate 1n most situations, but a Jjudgment should be made
to ascertaln whether the other displacements and EQUILIBRIUM
FORCE BALANCES ((2) above) are reasonable before accepting the
validity of the results.
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2.0 SAMPLE PROBLEMS INPUT, OUTPUT AND INTERPRETATION

In this section various sample problems are presented. The
problems are presented 1n order of complexity. The problems
include flat and curved plates, stiffened and unstiffened, linear
static, buckling and nonlinear analysils.

In all sample problems the 411 element was used. Selecting
the best element often depends on the problem. The 411 element
was chosen here based partly on comments in Section 6.0 of Ref-
erence [2] and partly on previous experience. Since the 411
element has been found to perform acceptably for most problems,
it is recommended here for the beginner. Once experience has
been gained, the user may experiment with other elements 1n order
to determine thelr relative merits. For more detalled studies
and dlscussions of STAGSC-1 elements the reader 1s referred to
References [2] and [6].

2.1 FLAT COMPOSITE PLATE

This section describes four sample runs performed on the
flat square plate of Figure 2. The dimensions, layup and loading
are shown in Figure 2. The boundary conditions for the plate are
"classical" simple supports. The inplane (X and Y) translational
boundary conditions are shown in Figure 2. The input and output
from the four sample runs will now be described.

2.1.1 TInput for Linear Statics (KNCOMPO)

Fipure 3 shows the 1nput for a linear statics run. The run
is given the label KNCOMPO for future reference and for cross-
referencing to the computer printout. As can be seen, appropri-
ate comments have been placed 1in the Iinput 1listing of Figure 3 so
that 1t is fairly self-explanatory. All cards in the input have
been ildentified as to their type using the STAGS nomenclature
(ls=1,, (C-1) etc. For a full explanation of any particular card
type, see the appropriate data card (Section 3) of the STAGS
User's Manual [11].
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LAYUP = [+45/90/0]
Theoretical Buckling Load: = 19.6 X 10° psi
cr _ .
Ny = 15.66 1b/in E = 1.89 x 10° psi
m=1%* T
6y = 0.93x 108 psi
STAGs:Cr vy = 0.330rv = 0.0366
NE™ = 15.03 (KNCOMP1) rayer = 0-0056"

*Buckling of Bars, Plates and Shells, Brush & Almroth, p. 108,
McGraw-Hill, 1975.

Figure 2 Model of Flat Plate Used in KNCOMP Series of Runs
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:; The first card must always be a comment card. The second

card 1s ecnlled the Analysis Type Definition Record and 1is denoted
as card (B-1) in the STAGS User's Manual. The "B" type cards
define overall properties of the model such as how many different
materials are belng used, etc. The load factor of 1.0 on the

* (C-1) card is the factor that multiplies the load system that 1s
later defined on the "Q" cards. Material properties are then
defined on the "I'" cards. The "K" cards define the number of

- layers and the layup of each layer for each wall. They are re-

!. peated 1if more than one wall ID exists (No. of shell wall ic

given on (B-3)). The "M" cards define the shell type (rectangu-

F‘ lar plate in this example), the shell dimensions, and the
associated wall ID. The "N" cards define what element type is to

be used and whether reduced or standard integration 1s to be used
(reduced integration is generally recommended). The "P" cards
define the boundary conditions; the "Q" cards define the loads;
and finally, the "R" card defines output options and control.

The changes to be made to "KNCOMPO" in order to perform the
next analysis, which 1s a buckling analysis, are noted in
Pigure 3. Thus, the only modification required in the present
example 1s to change the (B-1) card and add in two additional
cards (D-2) and (D-3) which will be explained under the linear
buckling input description.

2.1.2 Linear Buckling Analysis (KNCOMP1)

Figure 4 presents the input for a linear buckling (or linear
bifurcation) analysis. The linear buckling analysis differs from
the nonlinear buckling analysis 1in that the pre-stress state for
the linear analysis 1s obtalned from a linear stress analysis.
See Reference [1] or [3] for further details concerning these
differences. As can be seen, most of the input cards for the
buckling analysis are the same as the linear stress analysis.

The main difference 1s the inclusion of the (D-2) and (D-3) cards
and the first entry on the (B-1) card. An abbrcviated explanation
of these cards is included in Figure 4. Additional information

17
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may be found in Section 1.2 and in the STAGS User's Manual. The
circled items in Figure 4 indicate modifications to be made for
changling to a nonlinear analysis.

2.1.3 Nonlinear Analysis, Triggering Load Included (KNCOMP3)

Figure 5 shows the input for a nonlinear static analysis of
the previously described plate. Compared to Figure 4, the (B-1)
card 1s changed to select the nonlinear analysis instead of the
buckling analysis. The (D-2) and (D-3) cards have been removed
since they only apply to buckling analysis, and the D-1 card was
inserted. The (C-1) card has been modified so that the initial
load factor 1is 1.0, the increment in load is 1.0 times the initial
load, and the maximum load factor is 20. The (R-1) card was
changed although this was not necessary. The modification of the
(R-1) card was to print stress resultants every other step as
opposed to every step. Flgure 5 also includes a load used to
trigger the initial buckling mode of the flat plate being analyzed.
From the linear buckling analysis (or a hand analysis in this
case), the initial buckling mode may be determined. Additional
(Q-2) and (Q-3) cards were then added to apply a small force
(.001 1bs), normal to, and at the center of the plate. Also, the
(Q-1) card had to be modified to allow two loading systems, and
the (C-1) card was also modified. As can be seen, the (C-1) card
applies load system A in the same manner as before. The B load
system however is "frozen" at its initial load (max load factor
on (C-1) for load system B = 1). The output from this analysis,
to be discussed in 2.1.5, shows that the anticipated result was
obtained.

2.1.4 Nonlinear Analysis, Displacement-Controlled (KNCOMPY)
Figure 6 shows the input cards which now allow the load to
be applied in terms of end-shortening or end-displacement of
side 1 of Figure 2. As can be seen from Figure 5, the only
modification required was that of the first (Q-) record. The
new (Q-3) now specifies an end~displacement of 5.0 x 10”2 1inches
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as the initial load. The reason for changing to a displacement

controlled analysis was to attempt to load the plate through the
buckling region. In general, this will be easier using displace-
ment control slnce the stiffness matrix 1s constrained by the
specified displacements; thus the stiffness matrix should not be
as 1ll-conditioned as in a load-controlled situation. However,
if the postbuckled structure softens drastically after buckling,
then a solution through postbuckling may be quite difficult and
require many restarts to accomplish. The present example is such
a structure and will be dlscussed further in Section 2.1.5.

2.1.5 Discussion of Output and Results

The output for Jjobs KNCOMPO through KNCOMP4 1is presented in
the appendix. Section 1.3 covered general interpretation of the
output. Section 4.0 contains an annotated output for run KNCOMP4,
which 1s a nonlinear analyslis. Since most of the preprocessor
(STAGS1) output and much of the solution (STAGS2) output for the
linear statics (KNCOMPO) and linear buckling (KNCOMP1l) are the
same, the reader 1s referred to Section 4.0 for interpretation of
this output. Additional comments on the buckling output (KNCOMP1)
concerns the displacements. STAGSC-1 prints out several sets of
displacements during a buckling analysis. The first set labeled
"DISPLACEMENTS -- LINEAR SOLUTION --" are the displacements
obtained using a linear statics solution to the problem. The
next set labeled "DISPLACEMENTS MODE i" are the 1i'th modes' dis-
placement pattern, and are not actual displacements. They are
simply tne displacement pattern and are usually normalized to a
maximum vaiue of 1.

Run KNCOMP3 is a nonlinear analysis with a small out-of-
piane 1oad (.001 1lbs.) used to trigger the buckling mode. Load
contiol Wwas used to lLncrement the load. The plot of maximum out-
of-piane displacement versus end-shortening (Figure 7) shows that
reasonable results are being obtained. Figure 8 indicates that

tne load in the skin (Ny) still appears to be linear prior to the
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theoretical buckling load (15 1b/in). If the analysis were con-
tinued through buckling, one would expect N, to begin to increase
less rapidly with increased end-shortening. Note that at load
step 9 (N, = 14.75) the solution failed to converge. This 1s due
to the fact that at the buckling load (N, = 15), the stiffness
matrix is singular for a load-controlled situation. Figures 8
and 9 were plotted using a separate plot routine not associated
with the STAGSC-1 program.

Run KNCOMP4 was an attempt to use displacement control on
the previous problem to allow solutions to be obtained through
buckling. When a structure is loaded using displacement control,
the stiffness matrix should not become singular for this problem,
assuming the controlled displacements are chosen correctly. This
1s because when displacements are controlled, the stiffness matrix
has the controlled degrees of freedom eliminated; thus, if the
proper displacements are controlled (i.e., eliminated) the stiff-
ness matrix will be rendered nonsingular. This will not always
happen; for example, 1if a structure has several buckling modes
that are not properly constrained, then the stiffness matrix will
become singular due to the other buckling modes forming. In this
example, the results are actually worse than those using load
control, This is therefore another example of the often gquoted
anpredictabllity of nonlinear analysis. The displacement con-
trolled approach will probably yield better results by sharpening
(decreasing) the convergence criteria (DELX) and forcing the
stiffness matrix to be updated more often. This approach will be
discussed in Sectlion 2.4 where it was used successfully. Note
that the results obtained for KNCOMP3 and KNCOMP4 are not "wrong;"
the solution, however, did not proceed as far as one might be

.l ' interested 1n golng. The interested reader 1s encouraged to run
L these problems and attempt to "extend" the solution obtained

; here.
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2.2 FLAT COMPOSITE PLATE WITH STIFFENERS

This section des~-ribes a model of the flat plate shown in
Figure 9. The plate has three stiffeners and is subjected to the
shear load shown in Flgure 9. The plate dimensions, layup, and
stiffener properties are also shown In Figure 9. The boundary
conditions will be described in Section 2.2.1. This sample
demonstrates one option, the general stiffener section, for
modeling stiffeners and also demonstrates the use of different
inirial and incremental boundary conditlions on a structure. Note
that the use of either the general stiffeners or of the subelement
stiffener cards precludes certain stiffness distortions (see
Appendix A for more on this).

2.”7.1 Shear Buckling

The input file (CA2STIF) for the present problem is shown in
Figure 10. Again, the input data cards have been defined in
terms of STAGS nomenclature, and extensive comments are present.
Differences between this input and the input for the plate of
Section 2.1 will be described.

The 1input required to allow stiffeners (or rings) in a model
affects the (B-2), (B-3), (F-2), "J", and "0" cards. The (B-2)
and (B-3) cards state the number of shell units with discrete
stiffeners and the number of different section property descrip-
tions. TFor each shell unit, the (F-2) card states how many rings
or stiffeners are present. The (J-1) and (J2-A) cards are then
repcated for each section property description. Finally, the
(0-2A) and (0-2B) cards are repeated the number of times defined
on the (FP-2) card; 1.e., for each stiffener.

The pregsent example demonstrates the use of different
houndary conditions for the "pre-critical" stress state and the
"incremental" solution, STAGS terminology "pre-critical" and
"ircremental"” are now explained. In performing a linear buckling
analysis two matrices are needed, the small displacement stiff-
ness matrix K and the so called geometric stiffness matrix Kg.
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K; is formed based upon a set of stresses and 1is a linear func-
tion of the stresses. The stresses used to form K5 are found
from a linear statics solution using the "pre-critical" bhoundary
conditions specified on the (P-1 and 2) cards. An eigenvalue
analysils is then to be performed, specifically the elgenvalue

problem,

(K + 2 KG)x =0

iz to be solved for a specified number of eigenvalues A and
eigenvectors (or modeshapes) x. The boundary conditions used to
form the matrices in the above equation are the so called
"incremental™ boundary conditions and are specified on the (P-3)
card. Appropriate rows and columns are added or deleted so that
»f: KG and K are the same dimenslion. As can be seen, the buckling

. analysis 1is "inconsistent" in that the stresses are calculated

for one boundary condition, while buckling is calculated for
anotner boundary condition. However, thls option may be used for
modeling more complex situations. The beglinning user 1is advised
to experiment with and understand this option before utilizing

it.

2.2.72 Output Discussion

The output for CA2STIF 1s contained in the appendix. The
output obtained nere is similar to the output discussed previously
in Zection 2.1.5, hence discussion wlll be brief. One point to

note in the output 1s the presence of a negative eigenvalue.

. Tnis 1nalcates that the loads applied in the buckling analysis
: mast actually be reversed in order to buckle the structure in the

o

:yj "trst wode (since only the first eigenvalue 1is negative for this
;f Litutye  That 1s, if the loads were reversed and the same

}A saesiiny, anatysls were repeated, then the first eigenvalue wonld
’. e positive and would have the same absolute value obtalned in

tro appendix, The eritical buckling load in the present case 1is

miven by
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r
o
rt N?(; = -3826.3511 x 1 1b/In = -3826.35 1b/in

since the applied load was 1 1lb/in (see (Q-3) cards). That the
o applied load is 1 1b/in may be verified by examining the

Ei "EQUILIBRIUM FORCES" and noting that the accumulated force for

¢ ' row 1 in the Y direction 1s 20 1lbs, which is 1 1b/in for a 20 in.
}_ wide panel.

[

2.3 CYLINDRICAIL SHELL WITH STIFFENERS

Figure 11 presents a model of a curved panel with T stiff{-
eners. The panel dimensions and loading are shown 1in Figure 11.
¢ The detail of the stiffener geometry 1is shown in Figure 12.
- Additionally, the auxiliary "bar" coordinate system which is used
in describing the stiffener geometry and the relation to the
shell "primed" coordinate system is shown. This example illus-
trates the use of a cylindrical surface definition, the subelement

option for defining stiffener and ring cross sections, and the
use of imposed displacements as loading conditions.

2.3.1 Compression Buckling of a Cylindrical Shell

Figure 13 presents the appropriate input data for performing
a buckling analysis of the cylindrical shell of Figure 11. The
shell definitlon is affected using cards (M-1), (M-2A), and (M-5).
The stiffeners are defined as in Section 2.2, except (J-3B) cards
are used to define the cross section instead of the (J-2A) cards

- used in Section 2.2. The (J-3B) cards are repeated for each

- subelement and specilfy the locations of the rectangular subele-

- ments 1n terms of the "bar" axis of Figure 12. Points for stress

'. recovery are defined on the second (J-3B) card. The "bar" axis
orientation relative to the "primed" axis (defined at each node)

{ is specified on (0-2A) cards along with the cross section

’ ldentification numbers.
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The compression load 1s applied as an imposed displacement
of .001 inches on side 1. Additional output has been requested
. on the (R-1) card and will be discussed in Section 2.3.2.

13 2.3.2 Output Descriptions for Compression Buckling of
- Cylindrical Panel

The output for CYL1l 1s contalned in the appendix. Note, 1in
the STAGS1 output, the SURFACE COORDINATES vs. GLOBAL CARTESIAN
COORDINATES (Page 6 of output). This 1s a good check to ensure
that the shell optlion and input geometry 1s correct. See Section
1.1.2 of this report and Section 2 of [1] for further discussion
of surface coordinates. In order to valldate thils model, an

additional run with a small modulus input for the stiffeners was
made. The results of this analysis (essentially no stiffeners)
was then compared to the exact solution for a curved panel [4].

2.4 ONE-BAY MODEL OF STIFFENED SKIN

The final sample problem is a one-bay model of a stiffened
skin panel. The stiffened panel to be analyzed is shown in
Figure 14. It was found from tests of the panel that the stiff-
eners were so stiff that buckling of the skin was the only
concern. The buckle pattern was established and it was found
that only one-half of a bay needed to be modeled as depicted in
Figure 14.

This sample problem illustrates the following techniques and
capabilities of STAGSC-1:

- Use of symmetry in modeling

+ Use of linear buckling to establish preliminary
buckling load

+ Use of imperfections 1in triggering desired buckling

patterns in nonlinear analysils
« The restart capabilities
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Since this report is aimed at the beginner in finite element
analysis some comments on the use of symmetry are in order,
Symmetry, when it can be established, enables the modeler to
model only a portion of a structure. For example, in the linear

static analysis of a simple plate, loaded by uniform endloads

along the length of the plate, only a quarter of the plate needs

to be modeled. Appropriate symmetry conditions for the center
lines of the actual plate are then used as boundary conditions

for the quarter model. This allows not only a much more economical
solution to the problem, but a solution which is actually more
accurate than 1f the entire plate were modeled. If the entire
plate were modeled, and the symmetry conditions were not obtained
in the displacement output, the differences could only be attrib-
utable to numerical round-off or the inaccuracy of the finite f
elements used. The abllity to detect symmetry conditions will
not only allow the engilneer to perform more cost effective
analysis, but also allows the detection of certain modeling
errors. Additionally, detection of symmetry conditions indicates
good engineering intuition and understanding of the physical
problem. However, in buckling analysis, the buckled mode must be
known before symmetry can be used. Erroneous answers will result
if boundary conditions are imposed which do not allow the correct
puckle pattern for the entire plate. In the following example,
half of a stiffened skin bay was modeled. This was allowed since
the buckled pattern was known prior to the analysis.

2.4.1 Linear Compression Buckling

The mathematical model is shown in Figure 15. Boundary
conditions, panel geometry and ply layups are also presented.
The maln purpose of this analysis was to perform a nonlinear
ana.ysis of the post-buckled skin-stiffener combination. In
order to get a feel for the buckling load, a linear buckling
analysls was first performed. The input (GDCPAN1l) 1is presented
in Fipure 16. The 1input is well documented with comments and is

38
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} _ _ Sidel __ __
Row 1 — Y
]
Specified
. End-Shortening
§ = 001"
NROWS = 21
NCOL = S
~stiffener
I
9’// -
- o~
17" © S
A o
8 plies [0/:45/90]s
tply = ,0052
g = 18.6 x 10% psi
Er 2 x lO6 psi
G * -8 x 108 osi
“wr * )
(Note: For STAGS
Vi2"vn * .0333)
P“v
.
Row 2] ——— Side 3
3.18" ——‘
coL 1 coL s
- Figure 15 Symmetric One-Bay Model of Stiffencd Skin
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very similar to that previously discussed in Sections 2.1.2 and
2.3.1. The output for the buckling analysis is labeled GDCPANI
and will be discussed in Section 2.4.5.

2.4.2 Nonlinear Analysis with Initial Imperfections

As discussed in [1], it 1s often necessary to use 1initial
imperfections 1n a nonlinear analysis to "trigger" the buckling
mode. This was found necessary for the present panel. The first
nonlinear analysis simply loaded up to several times the buckling
load with no 1ndication of nonlinearity. Thus, an approximation
to the buckling pattern shown in Figure 17, from GDCPANl was used
as an initial imperfection pattern. Alternately, the buckling
o mode calculated in Section 2.4.1 could have been saved on TAPE22
using the (B-2) card and then used here via the (B-2) and (B-5)
card combinations. The input for the analysis 1s shown in Figure
8 18 and will be referred to as GDCPAN7. Besides adding in the
ﬁf appropriate cards for changing from a buckling analysis to a

nonlinear analysis (discussed in Section 2.1.3), the following
changes are made:

« Card (B-1) specifies to save all displacement data

+ Card (C-1) specifies to save both the element
(unfactored) and the factored stiffness matrices

+ Card (M-6) defines the initial imperfections

The JCL to save the appropriate files for thls analysls is shown
in Figure 19. The displacement data is saved on GDCPAN7.SOD and
15 always output on FORTRAN unit 22. Similarly, the element
(unfactored) stiffness matrix and the factored stiffness matrix
are output on FORTRAN units 23 and 24, respectively. The output
o for this analysls will be discussed in Section 2.4.5.
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igure 17 Buckling Pattern Along Edrme of Half-Bay
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! PROCEDURE TO EXECUTE STAGS1 AND STAGSZ

e o e s eagie _ ,v-vT?. o
L iil,”.ﬂ.'. R
AP PN NP R R

SET DEF (,STAGS)

SET VERIFY

ASSIGN GOCPAN7,INP FOROOS
ASSIGN GDCPANT7,0U1 FOROQO®
RUN (STAGSC1)STAGS1,EXE
ASSIGN GDCPAN7,0uU2 FOROOG6
ASSIGN GDCPAN7,.S0D FOROZ2
ASSIGN GDCPANT,.KEL FORO023
ASSIGN GDCPAN7 ,KFA FORUZ2Y
RUN (STAGLSC))STAGS2,.EXE

Fimure 19 JCT, for Caving Data from GDCPAN7
for Restart
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2.4.3 Restart of Nonlinear Solution with Stiffness Matrices
Tne input for restarting the GDCPAN7 run is presented in

Yigure 20 and 1s labeled GDCPAN8. The only difference bhetween
this input and that of GDCPAN7 1is that the (C-=1) card is modified
to start the load increment at one of the previous solutions
(.928125 in this case), and the stiffness matrices are read but
not saved. It 1s noted that 1in order to restart, the stiffness
natrices need not be saved; only the displacement data i1s neces-
sary. Also, the (C-1) card specifies that a load step .05 be
used compared to the previous value of .10. The (D-1) card
specifies to start at the twelfth step of the previous analysis
(load factor = .928125). The JCL to run GDCPAN8 1s presented in
Fivzure 21. The displacement file saved as GDCPAN7.30D is equiva-
ienced to FORTRAN unit 20 for restart. The displacements to be
saved from GDCPAN8 are saved on GDCPAN8.SOD and are equivalenced
to FORTRAN unit 22. The stiffness matrices are equivalenced to
the same units that were used to save them (23 and 24). Note
tnat STAGS does not have an option to read both factored and
anfactored stiffness matrices and write out the latest factored

and unfactored matrices in one run.

2.4.4 Restart of Nonlinear Solution without Stiffness Matrices
The input presented in Figure 22 1s now used to restart run

GDCPAN8. The (C-1) record indicates that the initial load factor

to be used is 1,278125 and that stiffness matrices are not to be

read. Thus, only the displacements will be used in the restart

procedure. Alsoc, the (C-1) card specifies that the load step be
.25 ani that loading proceed until a factor of 1.7 is obtained.
Card (D-1) specifies that loading will start with the eighteenth

oad o step from the previous solution and the convergence factor
(naLX) has been reduced to 1 x 10"6. The reduction of 1load steps
and allnwable convergence error are typical techniques used to

lmprove convergence in nonlinear analysis. Also, the updating of

the otiffness materix every step ((D-1) cerd) increases the rate
nT convarigencs, These various procedures of nonlinear analysis
wee ilscussed in Section 6 of [1] and Chapter 6 of [2].
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! PROCEDURE TO EXECUTE STAGS1 AND STAGS2

StT DEF (.STAGS)

SET VERIFY

ASSIGN GOCPANSB,INP FORO0S
ASSIGN GDCPANB,.QUL FOROO06
RUN (STAGSC1)STAGS!.EXE
ASSIGN GDCPANB,QU2 FOROOG
ASSI6GN GDCPAN7,SQOD FORO020
ASSIGN GOCPAN8,SOD FOROR2?
ASSIGN GDCPAN7,KEL FORO0Z23
ASSIGN GOCPAN7 ,KFA FOROL24
RUN (STAGSC1)STAGS2.EXE

& PP PE R

Figure 21 JCL to Run GDCPANS
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Figure 23 presents the JCL to run GDCPAN9. As can be seen,
the displacements saved from GDCPAN8 (GDCPAN8.SOD) are equiva-
lenced to FORTRAN unit 20 while the current displacements are
being saved on FORTRAN unit 22 in case another restart 1s required.
The output for this run will be discussed in Section 2.4.5.

2.4.5 Output Discussion of Half-Bay Stiffened Skin

Runs GDCPAN1l, 8, and 9 are contained in the appendix.
GDCPAN1 is a standard linear buckling analysis which predicts a
total buckling load of: P = AP' = 4,584 x 158.15 = 725. The
value of P' = 158.15 1lbs 1s obtained from the output under
"EQUILIBRIUM FORCES -~ LINEAR SOLUTION" and 1s the accumulated
force on row 1 for an enforced displacement of .001 in. GDCPAN7

is a displacement controlled run which uses initial imperfections
obtained from GDCPAN1l to trigger the buckling pattern. GDCPANTY
was run until a load step of .928 of the. theoretical buckling
load. At this point, insufficient computer time was left to
continue the analysis. The stiffness matrices and displacements
vectors were saved to restart the problem.

GDCPAN8 is a restart of GDCPAN7. The load step was halved
due to antilclpated problems with convergence. The run continued
loading from the previous .928 to a load factor of 1.28. At this
point, insufficient time was again the reason for termination of
the run.

GDCPAN9 restarted GDCPAN8 only using the displacements from
the previous run. The load was successfully applied to a 1load
factor of 1.75 times the 1initial buckling load. Normal termina-
tion then occurred. Both the load step and displacement error
(DELX) were made smaller in anticipation of convergence problems.

The maximum out-of-plane displacement vs. end-shortening is
presented in Pigure 24. As can be seen, nonlinearities occur at
an end-shortening of about .,003 inches which is less than the
critical end-shortening (.005 in.) predicted using the buckling
analysis., Figure 25 shows the total load and the load in the
stiffener as a function of end-shortening. As can be seen, a

5e

P T T et A e
P AN

.
- W TR




RN, \CEEER

PR
. .

| PROCEDURE TO EXECUTE STAGS1 AND STAGS?

SET DEF (,STAGS,)

SET VERIFY

ASSIGN GDCPAN9,INP FOROO0S
ASSIGN GDCPAN9,QU1 FOROVO06
RUN (STAGSC1)STAGS!.EXE
ASSIGN GDCPAN9,QU2 FOROOG®
ASSIGN GOCPANS ,SCD FORO20
ASSIGN GDCPAN9,SOD FORO22
RUN (STAGSC1)STAGS2.EXE
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slight decrease in linearity and load occurs near the end-
shortening of .005 in. which 1is as anticipated. The stiffener
load remalns essentially linear due to its high stiffness and
constraints imposed along its length.

For comparison, another load vs. end-shortening curve for
this panel 1s presented 1n Figure 25. This curve was predicted
using the PANCLP [5] program. Comparing these two curves indi-
cates reasonable agreement between STAGSC-1 and PANCLP. It is
noted that due to the specialized nature of the PANCLP program,
its associated computer cost was about one-~tenth that of the
STAGSC-1 program.

3.0 ADVANCED PROBLEMS

Appendices A through D contain four examples of STAGSC-1
advanced modeling capability. These examples were contributed
by Norman F. Knight Jr. of NASA Langley Research Center whose
helpful comments and example problems are here ackncwledged.

The sample problems are considered falirly self-explanatory
and are not elaborated upon herein. Appendix A is a study of
modeling the distortions of stiffeners using STAGSC-1. Appendix
B is an example of how to model a multi-branched structure.
Appendix C 1s an example of modeling a complex "pear" shaped
shell. Appendix D presents an example of utilizing the "User
Written Subroutine" capabllity of STAGSC-1. These examples
should ald users of STAGSC-1 in utilizing these more advanced
capabilities.

4.0 ANNOTATED OUTPUT FOR NONLINEAR ANALYSIS (KNCOMPY4)

Appendix E contalns portions of the output from an analysis
previously described (KNCOMPYU4, Section 2.1.4). Since it is often
dAirficult to explain something without seeing it, Appendix E
praesents the output with abbreviated explanations printed on the
antual output. Hefer back to Section 2.1.4 for detalls concerning

the model's geometry, loads, etc.
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REQUIRED MODEL ING DETAIL IDENTIFIED FOR STIFFENED
PANELS WITH BUCKLED SKINS

Norman F. Knight, Jr.
Structural Mgchanics Branch, SDD
Extension 4585
November 13, 1981

(RTOP 505-33-33)

The design of stiffened panels with buckled skins is of considerable interest
to the aerospace industry because of the significant weight saving potential ot
buckted skin designs when compared with buckling resistant designs. In buckled
skin designs, local skin buckling is allowed which results in additional load
being transferred to the stiffeners. Because posthuckling deformation shapes
can be highly complex, the analytical modeling detail that is required is not
known in advance and must be established for each stiffened panel design. One
modeling criterion that appears to have merit is based on the requirement that
the model used to predict the postbuckling response of a stiffened panel must
first predict accurately the initial buckling response. With this criterion in
mind, a study was made to identify the modeling detail required by a nonlinear
finite element code called STAGS that can be used to study the postbuckling
response of stiffened panels. The buckling load and corresponding mode shape
obtained with PASCO, an efficient and accurate code for calculating only iri~
tial buckling results, were used as the standards for comparison in this study.
The panel selected for the study is a flat graphite-epoxy panel with a 16-ply
skin and four I-stiffeners. The buckled cross section of the panel as deter-
mined by PASCO is shown in the upper figure. These buckling results indicate
that the stiffener webs deform and that local bending occurs near the skin-
stiffener interface.

Several STAGS models with varying levels of modeling sophistication in the
skin-stiffener region are shown in the table alona with the buckled cross sec-
tions. In the analysis of stiffened panels, the traditional approach has been
to model the stiffeners as discrete beams. A discrete beam model accounts for
extensional, bending and torsional stiffnesses and any eccentricities of the
stiffener by lumping these properties at the skin-stiffener attachment points.
As such, the discrete beam model, STAGS-~1, neglects not only the cross sec-
tional deformations of the stiffener but also any local bending near the skin-
stiffener interface. The buckling load for the STAGS-1 model is 10.6% smaller
than the PASCO results because the STAGS-1 model has a larger effective stif-
tener spacing. The larqer effective stiffener spacing is a result of lumping
the properties of the attachment flanges at discrete points. In order to
model the local bending near the skin-stiffener interface, a plate model,
STAGS-2, of the attachment flanges is used and gives a buckling load which is
17.9% higher than the PASCO buckling load. The buckling load is higher because
the discrete beam representation of the stiffener webs used in the STAGS-2
model does not allow for the rolling of the stiffeners. The next refinement,
STAGS-3, treated the stiffener webs, in addition to the attachment flanges, as
plate elements which then allows both local bending and cross sectional defor-
mations of the web to he predicted accurately.

It appears that the level of modeling detail required for accurate andlyses of
stiffened composite panels which are designed to operate with buckled skins

1s qreater than the level of modeling detail that previously was used throughout
the discipline for buckling resistant panels.
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5 BRANCH STIFFENED PANEL MODEL
PLOT NO. 1, UNIT O
MODEL GEOMETRY
MODEL SCALE =  .2500E+00. ORIENT. = -15.00. -45.00. -61'-00
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S SMNCH STIFFENED PANEL MOOEL
3 v 1 92 -~ 0o 1 0 8B-)
5 ¢ Y & 10 ¢ 1$ Bp-2
' ! 0 2 § B-3 '
0.084E-c $B-3S
1.88906 N.C(1 3,7 $C-l
‘26 S6060 8 B8 0 1,0E-4 $D-1

Ancdendon Al od

1795 1733 1747 1743 1795 i
C
€ DEFINE CONNECTIONS BETWEEN SHELL UNITS 7
€ 1
1 2 3 4 0§ 6=1 - )
1 2 2 4 $6-) ]
3 2 4 4 36-1 l
3 2 5 4 % 6-1
© DEFINE PARTIAL COMPATIBILITY CONSTRAINTS ]
\ C FOR UNIFORM ENMD SHORTENING
. C o
fi 31 3 1 ! 1 0 1 $6-2
; 31 3 1 2 1 0 1 86-2
3 1 3 1 3 1 0 1 86-2
31 3 1 4 1 0 1 $6-2 ;
31 3 1 S 1 o0 1 $6-2 )
317 3 1 117 0 1 $6-2 o - 3
317 3 1 217 0 1 86-2
317 3 1 317 0 1 $6-2 !
317 3 1 4 17 0 1 $G -2
317 3 i 517 0 1 3%6-2
C MATERIAL AND WALL DATA a
ﬁ
] $ J-)
1.32E7 .3 4.54E6 .,101 0.0 9.8E6 0.0 $I1-2 ~
1 1 1 8 K-1
' .084¢ 8§ K-2
2 1 1 $ K-1 ]
1 .058 % K-2 1
C UNIT 1 C 4
2 3 $M-i
0. 15, 0e 2.5 3 M-2A
0. 0. 0. S M-4
PR . 2.5 0. $ M-4
15. 2.5 0. $ M-4
$ M-5
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APPENDIX C

PEAR~-SHAPED SHELL MODEL
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Material Geometric Boundary
' Properties: Parameters: Conditions:
E =10 psi R = 1.0 inch vaw=My=0
v =0.3 L =0.8inches
Y =0.1 Ib/in® t =0.0l inches
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Sample Problem No. 1, Pear Shape Cylinder
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PEAR-SHAPED CYLINDER

~== SYMMETRIC MODEL DOWN THE

' 10 0o o , 88-.
6 ¢ 0 6 6 8 -2
1 2 1 $8B-3
1000.0 D,C 0NN, 60§l
1 0 9000 %0 -2
2 5D-3
Sy 15 Se:D Se2" Se: 5920 5410 $F- GRID
SHELL UNIT CONNFCTINNS
V2 2 4 3=
2 2 3 4 g6
3 2 4 4 §Oo=1
4 2 5 4 36—}
s 2 ¢ & $7 ..
Co4 6 2 $G-d
MULTI-POINT CPNSTRAINTS FOR UNTFORM END-SHQRTENING
i 1 ] ! 1 \ 4] R $G -2
[ S 2 0 1 862
TR S B 2 0 1 $6-2
: 1 i ! + 1 ) 1 6 -7
! i . 1 5 1 ¢ 1 £~ 2
1 4 1 ! Y - 3} 1 L SOV
1 $I-1 MATERIAL DEFINITION
1.cE+7 0.3 n 0N 0,1 S$I-2
) Y 8K-:  whilir DEFINITIOCN
1 0.0: $K-2
ONIT 1 TJP CURVED PANEL
S 3 S$M-1
6N 0.4 0.0 90 0 1.0 $M--24
0.0 -G,7071 -C.2929 S$M-4A
n.o +0.707) ~n 252%  $M-4B
0.4 +0.7071 -n.2929 $M-4C
1 §M-5
411 $N-]
i 6 4 € $p-,
1 0 ¢ $G-:
1 1 0 $G-2
1.0 1 1 i $3-3
1 $R-1
UNTIT 2 LEFT FLAT PANFL

3 3v-g

LENGTH SA-
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OO0

e NeNe]

N0 Q.6 0ND.0 1.0 SM-2A
0.0 0.7071 -0.2929 S§M-4A
0.0 l,41l42 -1.0 $M-48
0.4 l.4142 =1,0 sM-4C
i $M-S

4] §$N-1

1 6 4 6 $P-l
6 0 0 3Q-1
$

i R-1

UNIT 3 LOWER LEFT CURVED PANEL
5 3 $M-~l

0.0 0.4 G.0 135,0 1.0 §$mM-2A
0.0 1.,61642 -1.0 SM-4A

0.0 00,7071 -2.7071 3$M-48B

6.4 0.,707! -2.7071 $M-4C

1 $M-5

411 SN-1i

L 6 4 6 sP-l

5 0 0 8$Q3-1

18R~

UNIT 4 LOWER FLAT PANEL

2 3 §m-]

0.0 0.4 0.0 11,4142 $M-2A
0.0 0,707, ~2.707. sM-44A

N.0 -0.707T: <2.7071 $M-48B

0.4 -0.707:. =-2.7071 $M-4C

1 $M-5

4 $N- |

. 6 4 h sP-]
n o0 0 $Q-}

] SR-}

UNIT &5 LOWER RIGHT CURVED PANEL
S 3 3sM-;

0.0 .4 GC.0 135,n 1,0 9M-2A
0.0 ~6.7071 <2,7071 3IM-4A

0.0 -1.4742 =1.0 $M-48

0.4 ~!.4i42 =-1,0 $M-4C

1 8M-5

411 SN-1}

1 6 4 6 3p-|

e 0 ¢ £Q -1

1 SR-1
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PEAR -SHAPED CYLINDER s$PL-1
s : 3,0 0 ¢ sP(-.2
¢ sPL-23
2.56 0.0 0,0 .0 50 3PL -4
0 $PL-3
2.50 -15.0 «45.¢ <40,/ 2.50 S$PL-4
0 $PL-3
2.0 =-90.0 -90.0 N 2,50 ipL-4
i1 0 -1 0o i 0 0o 3 0 0 n 3$PL-3
2.50 -15.0 -45,0 -60.0 10.0 $PL-4
1 0 -1 0 4 2 1 3 0 0 -! $PL-3
Iin - 60 4 p 2 3 6 0 -1 sPL-3
i 0 -1 0 1 0 0 3 0 0 ¢ $PL-3
2.5 =90.Nn ~90.5 0.Nn i0.. $PL-4
1l 0 -1 "G ¢ 3 0 0 -4 $PL-3
1 0 -1 N 4 P 2 3 0 0 -1 sPL-3
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APPENDIX D

BRTEF DESCRIPTION OF

USER-WRITTEN SUBROUTINES

In this Appendix are copies of routines uscd to analyce tho
postbucxiing rasponse of a graphite-epoxy curved panel with

a central circular hole,. I'f the USRELT routine is to be useld
to define a mesh with quadrilateral elements, then the follow-
ing common block needs to be included 1If the default wvalues
for INTEG and TPENL are not used:

COMMON/QUARCM/ INTGR, INTEG, TPENL, TQRES(7)
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Lrief Description of Uscr-Written Subroutines

These subroutines are used to model the square planform of a pancl with o
single central circular hole.

The tinite element grid is generated using the surface coordinates X and Y.
The grid is described using the parameters NRINGS (the number of rings ol
quadrilateral elements around the hole, assuming that one ring will be for

the edge supports if included) and NSPOKES (the number of radial spokes normal
to the hole boundary; must be a multiple of 8).

X ,Y ,7Z ) . . Global co-
C .
ordinates of
geometric center
of panel.

DHOLE . . . Diameter of hole

RCURV . . . Radius of curvature
of panel (set equal
to zero for flat
panel)

A . . . . Length of panel

EDGSUP . . Location of edge

X U i
L\__/ supports from edge
s —— — — "
of panel

bx,

NODE NUMBERING

The node numbering scheme is counter-clockwise beginning at the edge of the
hol> 238 shown:
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Two additional modeling parameters have been included: MHRCR and RAT.

MHRCR . . . Number of hole radii away from the cdge of the hole that the
rings of e¢lements will be circular.

RAT . . . . Mesh grading factor. Near zero g

increasing the value of RAT to a maximum of one gives a finer

mesh near the hole.

BOUNDARY CONDITIONS

Internal nodes are free. Boundary and corner nodes read in as data.

CoRNER ED&GE 1 Coc‘:eﬁ
1 P °
EDGE 2
EDGe Y

Co:NE‘Q EDgE 3

LOADING

Load is applied using a point force at the top

CoRNER

ives equal spacing of rings and

(edge 1) center node and

applying partial compatability constraints across edge 1.

The node number of top center is given by

NTC = NRINGS * NSPOKES + NSPOKES/2 +1

Nop€ P Nobs
“LNC "FNC
I - 1
Noo¢€
‘NTe”

.
i

FNC, NTC-1

NTC + 1, INC

[N
1
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Where the first nodal constraint is at node number

Coaaiabaon) SRl M

FNC = NTC - NPC/2

4and the last nodal constraint is at node number

Vel
. "{.L' e

LNC = NTC + NPC/2

e

and NPC = NSPOKES/4 (number of partial compatability constraints)

el b

REQUIRED USER DATA

S X
L

. ® User Parameter - Integers X
3 :
!! KQUAD, NRINGS, NSPOKES, q
< IUVW IRUVW ] repeat for each edge, edges 1, 2, 3, 4 )
1

IUVW IRUVW ] repeat for each corner, corners l, 2, 3, 4

IWALL, MHRCR é

® VUser Parameters - Floating Point

A, DHOLE, XC, YC, ZC, RCURV, RAT, EDGSUP

If EDGSUP = 0, no edge support. Along the lines of the edge support W = 0.

AR . '
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o 400 422-TYPE ELEMENTS
SEM1-BANDWIDTH OF 261

e 6175 ACTIVE D.O.F.

FINITE ELEMENT MODEL
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Listing of Uscr-Written Subroutines

SUBROUTINE USRPT
DEFINE THE NODAL COORDINATES AND DOFR

COMHON/ UP 1/ KOUAD , NRENCS ,NSPOKES, TBC( 16) , IWALL, MHRUR
DIMENSTON LUVWB(8) , LRUVWE(8) ,DRAY(96) ,RRLNG(Y6)

KQUAD - ELEMENT TYPE: LF NEGATLVE, USE REDUCED INTEGRATION
NRINGS - NUMBER OF INTERNAL RINCS OF NODES AROUND THL HOLE
NSPOKES - NUMBLR OF RADIAL SPOKES NORMAL TO HOLE BOUNDARY

(MUST BE A MULTIPLE OF 8)
TUVWB(1-4) - U,V,W BOUNDARY CONDITIONS ON EDGES OF ELEMENT UNIT
LUVWB(5-8) = U,V,W BOUNDARY CONDITIONS ON CORNERS OF ELEMENT UNLT
TRUVWB(1-4) - KRU,RV,RW BOUNDARY CONDITLONS ON EDCGES OF ELEMENT UNIT
IRUVWB(5-8) - RU,RV,RW BOUNDARY CONDLTLONS ON CORNERS OF ELEMENT UNLT
IWALL - SELECT SHELL WALL NUMBER FROM THOSE GIVEN BY THE K-CARDS
MHRCR = MULTIPLE OF HOLE RADLII FOR CIRCULAR RINGS OF ELEMENTS

COMMON/ PIE/DTR,RTD,PI
COMMON/ UPF/ A, DHOLE, XC,YC,ZC ,RCURV , RAT ,EDGSUP

A - LENGTH OR ARC LENGTH OF PANEL ( SQUARE PLANFORM)
DHOLE - DIAMETER OF THE HOLFE
XC,YC,ZC - GLOBAL COORDINATES OF THE CENTER OF THE HOLFR
RCURV - RADIUS OF CURVATURE OF THE PANEL

(.EQ.0 => FLAT AND .NE.O => CURVED )
RAT - MESH GRADING FACTOR

( NEAR ZFRO GIVES EQUAL SPACING OF RINGS;

AND AS RAT => 1, FINER MESH NEAR THE HOLE)
EhGSUP — DISTANCE FROM EDGE OF PANEL TO FIXTURE

OR BOUNDARY CONDITUIONS OF SUPPORT

INITLALIZE

18YS=0

IUVW=111

[RUVW=111

[F(KQUAD.GE.420) LRUVW=110
POW=0.0
1US=0

IRS=0

[CS=0
RHOLE=0,5*% DHOLK
CRAD [=(MHRCR+1 ) *RHOLE .
DANG=2 .0*PI/FLOAT(NSPOKES)
THCEDOSUPLLTL0L.0) EDGSUP=0 .0
UR={ 1 S A=RHOLE)=1DhGSUP
IF(RAT.LELOLO) RAT=1.0E=5
IF(RATWGT.1.0) RAT=1.0
RATP 1=RAT+1 .0

FACTOR=KAT/ (RATPI**NRINGS-1.0)
PI2=0), %]

. - . .
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7

:LT' oA

- PL4=0,25%P1

7 C

- C UNPACK EDGE AND CORNER BOUNDARY CONDITIONS FROM ARRAY I1HC
c

JBC=1

DO 10 I=1,16,2

TUVWB(JBC)=1BC( 1)
10 JBC=JBC+1

R nl A AL e 4 C ol
.

c
JBC=1
DO 11 1=2,16,2
IRUVWB(JBC)=1BC( 1)
& Il JBC=JBC+]
. c

Ll gt 4

C SET UpP FOR MESH GRADING

DO 50 J=1,NSPOKES

t ANG=(J-1)*DANG

- ANGR=ANG

! IF(ANG.GE.PI2) ANGR=ANG-PI2

% IF(ANG.GE.,PI) ANGR=ANG~-PI
IF(ANG.GE.(3.*PI12)) ANGR=ANG-3.0*PI2
IF( ANGR.LT.PI4) BETA=(1.0/COS(ANGR)-1.0)
IF(ANGR.GE.PI4) BETA=(1.0/SIN(ANGR)-1.0)
DRAY(J)=(1.0+BETA)
RRING(J)=RHOLE

50 CONTINUE

. C
B DR=DR*FACTOR
S

C
C DEFINE INTERNAL NODES
C
NRINGS1=NRINGS-1
IF(EDGSUP.LE.0.0) NRINGS1=NRINGS
DO 100 I=1,NRINGS
IM2=T1-2
IF(I.EQ.NRINGS.AND.EDGSUP.GT.0.0) IUVW=110
DO 100 J=1,NSPOKES
IF(I.GT.1.AND.(RRING(1).GT.CRADI))
« RRING(J)=RRING(J)+DR*DRAY(J)*RATP1**IM2
IF(1.GT.1.AND.(RRING(1) .LE.,CRADT))
«  RRING(J)=RRING(J)+DR*RATP 1**IM2
RAY=RRING(J)
IF(I.EQ.NRINGS!) RAY=RRING(1)*DRAY(J)
IF(1.EQ.NRINGS.AND.EDGSUP.GT.0.0) RAY=(0.5%A-ENGSUP)*DRAY(J)
C :
C GLOBAL COORDINATES

P SR

C (X,Y) ARE SHELL SURFACE COORDINATES AND ( XG,YG,ZG) ARE GLOBAL
C COORDINATES
c

(@]
ntanl I dea

ANG=( J=1)*DANG
X=RAY* COS( ANG) _
Y=RAY*STN( ANG) ‘
XG=XC+X \

PP P . DTN A T
W RN A N R LWL W AP W e S a b
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LF(RCURVEQe0.0) ZG=iC
LUPT=( [-1)*NSPOKES+.]

100 CONTINUE
C
€ DEFINE THE BOUNDARY HNODES

NSLI=9% NSPOKES/B+1
NS2=3*NSPOKES/8+1
NSIR=NSPOKES/8+1
NS3L=NSPOKES

NS4=T*NSPOKES/8+1

SO~
V)
et
—

X=0.1

Y=0,0

DO 200 I=1,NSPOKLS
TUPT=NRINGS* NSPOKES+HI
ANG=( I-1)*DANG

IF(1.GT.NS4) GO TO 250

c

C RIGHT SIDE OF EDGE 3

C

210 CONTINUE
IBCE=]
1BCC=7
X=U.5%A
Y=0,5*A* TAN( ANG)
IF(T.EQ.NS3R) GO To 1310
Co To 320

C

C EDGE 2

¢

220  CONTINUE
IBCE=2
IBCC=6
X=0.95%A*TAN( PI2-ANG)
¥Y=0.5*%A
[F(I.EQLNS2) GO TO 310
GO To 320

C

COEDGE

¢

230 CONTIUSUE

[F(RCURV.CT.0.0) YG=YCHY
IE(RCURV «GTe0)o0) Z2G=RCURVEXCOS(ASINCY/KRCURV))
TF(RCURV.EQ.0.0) YU=YCHY

IF(I.LE.NS3R) GO TO 210

IF(I.GT.NS3R,AND.I.LE.NS2) GO TO 220
IF(L.GT.NS2,AND.1.LE.NSL) GO ToO 230
IF(I1.GT.NS1.AND.T.LE.NS4) GO TO 240

S R N N N T T Ty T oy wr oy

CALL NODEC LUPT, IUS LIRS, LECS ) XGL,YG, Z2G J TUVW, TRUVW , LSYS, POW)

UP EQUAL LENGTH SEGMENTS ALONG EDGES

-
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IBCE=1

[BCC=5

X==~0.5%A

Y=0) 4 S* A* TAN( P I-ANG)
IF(1.EQ.NS1) GO TO 310
GO TO 320

C EDCGE 4

(&
240

o000

250

C

C TRANSFORMATION OF COORDINATES FROM SHELL SURFACE

C To
c
320

cC
CC

c

CONTINUE
[BCE=4
IBCC=8

T X==0,5%A*TAN( 3. *PT12~ANG)
Y=—0.5%A
IF(I.EQ.NS4) GO TO 310
GO TO 320

LEFT SIDE OF EDGE 3

CONTINUE

LBCE=3

X=0.5%A
Y==0.5* A* TAN( 2 . *PT~ANG)

GLOBAL COORDINATES

CONTINUE
XG=XC+X

YG=YC+Y

2G=2C

IF(RCURV.EQ.0.0) GO TO 321
YG=YC+RCURV*SIN(Y/RCURV)
ZG=RCURV*COS( Y/RCURV)
YG=YC+Y

7ZG=RCURV*COS( ASIN(Y/RCURV))

C SET UP THE EDGE NODES

c
321

C

CALL NODE( IUPT,IUS,IRS,ICS,XG,YG,%G,IUVWB( IBCE), TRUVWB( 1BCE),

LISYS,POW)
GO TO 200

ERd sty

COORDINATES

C TRANSFORMATION OF COORDINATES FROM SHELL SURFACE COORDINATES

C TO
C
310

GLOBAL COORDINATES

CONTINUE

XG=XC+X

YG=YC+Y

4G=1C

IF(RCURV.EQ.0.0) GO TN 311

YC=Y(C+Y

81
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CG-RCUBVECOSCASINCY RCURY) )
C oSET P THE CORNER EDGE NODES

11 CALL NODECLUPT, TUS, LRS, TCS,XG,YC, 26, TUVWR( [BCC) | TRUVWB( THCC)
LLSYS,POW)
C
2000 CONTINUL

CoORXTLt

RETURN
LEND
SUBROUTLNE USRELT

£OGENERATE THE MESH FOR A SQUARE PLATE WITH A CENTRAL CIRCULAR HOLEL
COMMON/ UP I/ KQUAD ,NRINGS , NSPOKES, [TUVWB(8) , TRUVWB(8) , IWALL, MHRCR

KQUAD -~ ELEMENT TYPE: [F NECATIVE, USE REDUCED INTEGRATION
NRINGS = NUMBER OF INTERNAL RINGS OF NODES AROUND THE HOLE
NSPOKES - NUMBER OF RADIAL SPOKFES NORMAL TO HOLE BOUNDARY

(MUST BE A MULTIPLE OF 8)
LUVWB(1~4) -~ U,V,W BOUNDARY CONDITLONS ON EDGES OF ELEMENT UNIT
[UVWB(5-8) - U,V,W BOUNDARY CONDITIONS ON CORNERS OF ELEMENT UNLT
IRUVWB(1-4) - RU,RV,RW BOUNDARY CONDITIONS ON EDGES OF ELEMENT UNIT
TRUVWB(5-8) - RU,RV,RW BOUNDARY CONDITIONS ON CORNERS OF ELEMENT UNIT
IWALL ~ SELECT SHELL WALL TYPE FROM THOSE GIVEN BY THE K~-CARDS
MHRCR ~ MULTIPLE OF ROLE RADIT FOR CIRCHLAR RINGS OF ELEMENTS

oo oo

4

Do oo

[P

COMMON/ PTE/DTR,RTD,PL
COMMON/ QUAFCM/ INTGR, INTEG, [PENL, IQRES(7)
DIMENSION ZETA(96)

C INLTIALIZE

ECZ=0.0
[LIN=0G
[PLAS=0
INTEG=0
[F(KQUAD,LT.0) INTEG=1
KQUAD=TIABS(KQUAD)
[PENLFO

¢ ORTENTATION ANGLE LN DEGREES

DANG=2 .0 PT*RTD/ FLOAT( NSPOKES)
2nTAl ;2000
D450 [=2 NSPOKES
ZETAU D) =71 TACT= 1) +DANG
H0 CONTT N,
CoOFORM e WMLEMENT GKkID
o

e s # . eEEm——— . s
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DO 200 1=1 ,NRINGS
LODD=0
[FCMODCL,2) JE0.1) LobD=]
DG 100 J=1 ,NSPOKES
‘ JobD=()
IF(MOD(T,2) EQ.1) JODD=]
NI=(I-1)*NSPOKES +J
N2=NI+NSPOKES
N3=N2+1
N4=Nl+1
IF(J.EQ.NSPOKES) N3=NI+1
LF(JJEQNSPOKES) N4=N3I-NSPOKES
IF(KQUAD.L.T.420) GO T 70

IF(IODD.EQ.0.ANDLJODDENLL) GO TO 75
IFCIODN.EQ. L .ANDL.JODDL.EQLO) GO TO 75

70 CALL QUAD(NL N2 ,N3,N4 ,KQUAD, IWALL,ZETA(J) ,ECZ
. TILIN,IPLAS)
GO TO 100

75 CONTINUE
ZFETAR=ZETA(J)~90.0
CALL QUAD(N2,N3,N4,N1,KQUAD, IWALL,ZETAR,ECZ,
. ILIN,IPLAS)

100 CONTINUE

200  CONTINUE

C
C EXIT
¢
RETURN
END
83
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Listings ol STAGSC-1 input data and STAPL input data.

SQUARE CYLINDRICAL PANEL WLTH 2=1NCH CENTRAL CLRCHLAK HOLE SA-
b1 1 0 0 1 0 §B-1
O 1 0D 0 1 D 4 SB=2  ELEMENT UNIT ONLY
2 0 4 29 SB-3
000648  0.0896E-2  0.0896E=3  0.0896k=4  SK=5 IMPERFECTIONS
0.610192 0.1 2.0 §C=]
101 15000 20 20 -1 0.00001 $H-1  RLIK S METHOD
1421 u 1 1 416 0 1 SG=2 U=CONSTANT AT X=0 CONSTRAINT
1421 0 | 1 417 0 1 SG=2
L B | 1 418 0 1 S$G=2
L4421 o 1 I 419 o 1 sG=2
Vo421 001 1 420 0 1 $G~-2
o421 0 1 b422 0 L S6~2
1421 o 1 1 423 0 1 $G=2
o421 0l 1 424 0 1 S$G=2
o S UV 1 425 0 1 $G-2
1421 0 1 426 0 1 8G-2
) U 0 0 0 11 S$H-1 ONLY USRPT AND USRELT
{ I SI-1  ISOTROPIC MATERIAL
- 10.6 0.3 $1=2
L 2 5I-1 QUASI-ISOTROPIC MATERIAL (16 PLY SKIN)
b 19.6L6  0.0378 0.93E6 001 0.0 1.89E6 0.0 §I-2
1 1 1 1 S$K-1 SHELL WALL DEFINITION
i I 008 0.0 $K=2
2 1 16SK-1 SHELL WALL
2 0,005  45.0 S5K-2
2 N.005 -45.0 SK-2
2 0,005 90.0 $K-2
2 0.005 0.0 SK-=2
2 0.005 45.0 SK=2
2 0,009 =45.0 SK~2
2 0,005 90.0 S5K-2
2 0.05 0.0 SK=2
2 0.005 0.0 SK=2
200,005 90.0  $K=2
2 G.005 =45.0  SK~2
2 0.005 45,0 SK-2
2 0.005 0.0 $K-2
2 0.005 90.0  S§K=2
2 G005 =45.0  5K-2
200,005 45,0 $K=2
14 1 5K=1 0l6=D26=0
.05 5K~5A WALL THICKNESS
D.h87HUKEA  (,218464E6 0. 0. 0. 0. , SK-958
Ge?iA4HAEA  O.BTED6EL . 0. 0. 0. , SK=5B
e Be DL.236S71E6 De De 0., SK=5B
Ge e Ue 930865083 0.14549E3 0 0. ,$K-58
Le o Do e DUEANGY0ES 0.360728E3 0., SK-5B

te "Ja e e (),

G.157139E3  SK=58

i 1 lhuK~1  SHELL WALL (#/-45,90,0,0,90,=/+45) SYMMUTRIC

£ < Lanho AH.0  $K-2

e 200056 =450 SK=2

2 0,005 95,0 SK=2

s B4
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2 040050 Nl $K=2
20 0,009 1e)  SK-2
20,005 Y90.0  $K=2
2 0.0056 =45.0  SK=2
2 04005 45.0  SK2
2 0.0056 45.0  SK 2
20,0050 =45.0  SK-2
2 00056 90.0 SK-2
2 0,005 0.0 SK-2
2 0.0056 0.0  SK-2
2 10.0056  90.0  $K=2
2 D005 =45.0  S$K=2
20,0056 45.0  §K-2
21 8 SL-1 NUPI+NUPF
422, SL-2A UPI VALUES
10 40, $L-2A NRINGS AND NSPOKES
100 000, SL-2A BC ON EDGE 1
110 100, SL=2A BC ON EDGE 2
NOO - 000, SL-2A BC ON EDGE 3
110 100, sL-2A BC ON EDGE 4
100 000, SL-2A BC ON CORNER POINT 1
100 000, $L-2A BC ON CORNER POINT 2
N0G 000, $L-2A BC ON CORNER POINT 3
000 000, $L-2A BC ON CORNER POINT 4
4, $L-2A SELECT WALL TYPE
3 $L-2A MULTIPLE OF HOLE RADII FROM HOLE
14.0 2.0 7.0 0.0 15.0 15.0 0.2 0.0 $L-2B UPF VALUES
1 sU-1 LOADS
1 1 0 su-2
25000.0 1 1 421 0 0O SU-3 POINT LOAD AT NODE 421 X=0
1 0 0 0 OV 0 $V-1 OUTPUT FLAGS
SQUARE CYLINDRICAL PANEL WITH 2-INCH CENTRAL CIRCULAR HOLE  S$PL-1
59 1 3.0 0O 0 0 $PL-2
0 sPL-3
.25 0.0 0.0 0.0 0.25 $PL-4
] 0 sSPL-3
0.25 =15.0 =45.0 =-60.0 0.25 $PL-4
21 9 0 1 0 0 1 0 0 0 SPL-3
0.50 90.0 0.0 0.0 100.0 10 $PL-4
2 1 0 0 1 0 0 2 0 0 -1 $PL-3
2 1 o 9 1 0 0 3 0 0 -1 S§PL-3
21 06 0 1 1 0 3 0 0 -1 spPL-3
21 0 0 1 5 0 3 0 0 -1 s$pPL-3
21 0 0 1 110 0 3 0 0 -1 $PL-3 g
. 21 0o 0 1 15 03 0o 0 -1 §$PL-3 ol
21 0 0 1 20 0 3 0 O =1 $PL-3 B
2 1 O 0 1 25 0 3 0 0O -1 SPL-3 N
2 1 0 0 1 3 0 3 0 0 -1 $PL-3 C
2 1 0 0 1 35 0 3 0 0 -1 &PL-3 =
2 1 0 0 1 40 0 3 0 0 -1 §PL-3 ]
2 1 0 0 1 45 0 3 0 0 =1 $PL~3 .ﬂ
201 Hn o !t 5 0 3 0 0 -1 SPL-3 ]
200 0 1 5% 0 3 0 0 - $PL-3 .
85 ]
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2L 0 0 boes 03 0w =1 sples
rﬂ A R TI B AR (x no0 = ‘f""’"
. R | 0 o 1 75 O J0 0 -1 spl~yd
2 1 0O 0 1 80 0 3 0 0 =1 spi=3
D1 0 0 1 8 0 3 0 0 =1 spl-3
R | v 1 90 o 3 0 0 -1 §pPL-3
I O 0 1 9% 0 3 0n O =1 spL=3
L o0 1 1o 03 D0 -1 sPL-3
S0 0 0 1 10y 003 0 6 =1 sPL-3 ’
2 | 0 0O 1 1o 0 3 0 0 ~1 SPL-1
S0 0 0 1 115 003 0 0 ~1 sPL-3
L1 0 0 1 1 0 3 0 0 0 sSpPi-3
.50 =15.0 =45.0 =~60.0 2.50 SPl—-4
11 n 0 1 % 0 3 0 0 -1 sprL-3
11 D 0 1 10 0 3 0 0 =1 S$PL-}
1 L 0 0 1L 15 03 0 0 -1 sPL-3
3 11 0O 0 1 20 0 3 0 U -1 $PL-3
t 1 0 O 1 25 0 3 0 U -1 SPL-3
ol O 0 1 30 0 3 0 0 -1 S$PL-3
C i 1 0 0 1 35 0 3 0 0 -1 $PL-3
- 11 6 0 1 40 0 3 0 0 -1 §PL-3
= L L 0 0 1 45 0 3 0 0 -1 SsPL-3
- 11 D00 1 5 0 3 0 0 -1 SPL-3
3 1 1 0 0 1 5 0 3 0 0O -1 $PL-3
¥ 1 1 0 0 1 6 0 3 0 0O =1 SPL-3
:‘- it 1 0 0 1 65 0 3 0 0 -1 §PL-3
E 1 1 0 0 1 70 0 3 0 0 -1 sprL-3
. 1 1 0 0 1 75 0 3 0 0 -1 spPL-3
1 Tt 0 0 1 8 0 3 0 0O -1 §$PL-3
. I L o n 1 8 0 3 0 0 =1 sPL-3
x 1 1 0 0 1 9 0 3 0 0 -1 §PL-3
p I 1 0 0 1 95 0 3 0 0 -1 $PL-3
- 1 ¢t 0 0 1 100 0 3 0 0 -1 SPL-3
1 1 1 0 0 1 105 0 3 0 0 -1 SPL~3
: 11 0o 0o 1t tio o 3 0 -1 $PL-3
L 1 1 0 o t 115 0 3 0 0 -1 S$PL~-}
;
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